Objective : To prospectively compare facial pain outcomes for patients having either a repeat microvascular decompression (MVD) or percutaneous balloon compression (PBC) as their surgery for trigeminal neuralgia (TN) recurrence. Methods : Prospective cohort study of 110 patients with TN recurrence who had either redo MVD (n=68) or PBC (n=42) from July 2010 until September 2016. The mean follow-up was 45.6 months. Results : After redo MVD, 65 patients (95.6%) experienced immediate relief of pain. After PBC, 34 patients (81%) were immediately relieved of their neuralgia. After 1 month, the clinical effect of redo MVD was better than PBC (p<0.01). Patients who had redo MVD more commonly were pain free off medications (93.4% at 1 year, 78.2% at 4 years) compared with the PBC patients (85.1% at 1 year, 59.3% at 4 years). However, mean length of stay was longer (p>0.05). Patients after PBC who occurred developed herpes simplex (35.7%), facial numbness (76.2%), and annoying dysesthesia (21.4%) more frequently compared with patients after redo MVD who occurred developed herpes simplex (14.7%), facial numbness (8.8%), and hypoesthesia (5.9%) (p<0.05). The symptoms recurred respectively in 15 patients (22.1%) and 19 patients (45.2%) after redo MVD and PBC within the entire 6-year follow-up period. Conclusion : For the patients with TN recurrence, redo MVD was a more effective procedure than PBC. The cure rate and immediate relief of pain were better, and the incidence of complications was lower.
INTRODUCTION
Trigeminal neuralgia (TN) is a disabling disorder characterized by sudden attacks of devastating facial pain which is confined to the distribution of the trigeminal nerve supply. Since microvascular decompression (MVD) has been popularized by Jannetta in the 1980s, MVD has been the first-line surgical treatment to definitively cure the condition if medical treatment fails to provide sufficient relief 10, 11, 13, 17) . However, a percentage of patients continue to have TN following MVD over time 20, 28, 30) . Recurrent trigeminal neuralgia may be due to insufficient operative techniques, slip of the Teflon implant, insertion of too https://doi.org/10.3340/jkns.2017.0196 much Teflon, adhesions of the interposed Teflon or in the rare case, development of a granuloma 1, 7, 14, 18, 22, 23, 29) . A large number of researches have been carried on MVD postoperative recurrence of trigeminal neuralgia, respectively using repeat MVD and percutaneous balloon compression (PBC) 2, 8, 9, 19) . Therefore, this study is to compare the curative effect of redo MVD and PBC when first MVD is invalid through a prospective cohort study.
MATERIALS AND METHODS

Patients
Since July 2010, the senior author has maintained a prospective database on all patients undergoing surgery for recurrent trigeminal neuralgia. Recurrence was defined as resurgence of typical trigeminal neuralgia pains, requiring reintroduction of medications or any other treatment options, after an initial success in complete pain eradication (requiring no medications for pain) following previous MVD. One hundred and thirteen patients underwent redo MVD or PBC for recurrent TN. Three patients (3%) had <6 months of follow-up and were excluded. All patients were examined by pre-operative magnetic resonance imaging-time of flight (MRI-TOF) brain scan and informed of advantages and disadvantages. Then they made a choice according to their will. The characteristics of the remaining 110 patients (MVD, n=68; PBC, n=42) are outlined in the Table 1 . Informed consentwas obtained from all individual participants. The study design received full ethical approval from Department of Neurosurgery, The First People's Hospital of Hangzhou, Hangzhou, China.
Surgical technique
Repeat microvascular decompression
Sixty-eight patients who would undergo redo MVD were placed in park bench position, and a typical retrosigmoid cranioectomy was performed at the junction of the transverse and sigmoid sinus. After opening the dura and gentle retraction of the petrosal surface of the cerebellum off the petrous bone, cerebrospinal fluid was slowly released to empty.
In 62 of 68 cases, the thick and adhesional arachnoidal membranes were found obviously and microsurgical sharp dissection, preserving the trigeminal nerve and the corresponding vessel, was performed. There was no new vascular compression and other abnormal in 61 patients. Then combing the root of trigeminal nerve and replacing the Teflon felt were performed. We found new responsible arteries in five patients and microvascular decompression was carried out. During reoperation new responsible vein, all of which are branches of the rock vein, were found in two patients. Then cutting it by electrocoagulation and the MVD were performed. There were Teflon granuloma in two patients and microsurgical sharp dissection, preserving the trigeminal nerve and the corresponding vessel, with complete removal of the Teflon granuloma was performed. We found the interposed Teflon felt adhering to the trigeminal nerve and had to be carefully dissected from the nerve and conflicting vessels in six patients. In addition, we found that Teflon felt was slipped and the corresponding vessel compressed the root of trigeminal nerve again. And the MVD was performed and Teflon felt was replaced. At last, the dura was accurately closed, and bone was reconstructed.
Percutaneous balloon compression
The patients were placed in the supine position, with the neck and thorax slightly extended. C-arm image intensifier fluoroscope was used to obtain lateral images and location. The point of entry into the skin was 2.0-3.0 cm lateral to commissure of the lips. A 14-gage needle which contains a blunt obturator penetrated the foramen ovale under fluoroscopic guid- Values are presented as number (%). MVD : microvascular decompression, PBC : percutaneous balloon compression ance. As the blunt obturator was withdrawn, a No. 4 Fogarty balloon catheter, with a fine steel stylet, was advanced into Meckel's cave under direct fluoroscopy. Then, withdrawn the stylet. Next, add undiluted contrast Omnipaque (300 mg iodine/mL) to the balloon until it was proximal to the posterior fossa. Inspect the balloon position and shape depending on the bony landmarks (clivus, sella, and petrous bones), if necessary, the balloon was deflated and the catheter was repositioned until the typical pear shape was achieved. And a pear shape of the balloon indicated sufficient volume. In general, the balloon volume was between 0.4 and 0.8 mL and balloon compression time was between 4 and 8 minutes. After ganglion compression, the contrast medium was aspirated, the catheter was withdrawn, the puncture site was compressed for 5 minutes.
Follow-up and standard of curative effect
All patients were contacted 1 month after surgery, then every 6 months thereafter to assess their facial pain outcome. The follow-up was completed by independent supervisor nurse. The mean follow-up time was about 45.6 months postoperatively (ranging from 12 to 72 months). Standard of curative effect : 1) cured : pain completely disappeared after operation. 2) improved : pain did not disappear, but the degree, frequency of the pain was better than preoperation or the scope was smaller. And 3) invalid : there was no significant difference between postoperative pain and preoperative.
Statistical analysis
Statistical analyses were performed using Statistical Package for the Social Sciences for Windows version 22.0 (SPSS, Chicago, IL, USA). Kaplan-Meier curves were calculated to determine the percentage of patients who were pain free off medications after surgery. Univariate comparisons of continuous variables were compared by use of the Student t-test; proportional differences were compared by the χ 2 test.
RESULTS
There were no significant differences in gender, age, lesion side, affected trigeminal division and symptom-free interval between the two groups (p>0.05). Comparison of the outcomes for 110 patients who underwent redo MVD or PBC for recurrent trigeminal neuralgia is listed in Table 2 . After redo MVD, 65 patients (95.6%) experienced immediate relief of pain. After PBC, 34 patients (81%) were immediately relieved of their neuralgia. The differences of the two groups were statistically significant (p<0.05). Follow-up for 1 month after operation. In the redo MVD, 62 patients (91.2%) were cured, four patients (5.9%) patients were improved, two patients (2.9%) were invalid. In the PBC, 30 patients (71.4%) were cured, nine patients (21.4%) patients were improved, three patients (7.1%) were invalid. The clinical effect of the two groups was statistically significant (p<0.01). The detailed results are proved in Table 3 . Cured facial pain outcomes were achieved and maintained in 93.4% and 78.2% of patients at 1 and 4 years after redo MVD. And 85.1% and 59.3% of patients at 1 and 4 years after PBC had cured facial pain outcomes. Mean length of stay was 12.4 days and 10.7 days respectively after redo MVD and PBC. Although mean length of stay after PBC was shorter, the differences were not statistically significant (p>0.05). As far as complications were concerned, After redo MVD, 10 patients (14.7%) developed herpes simplex on postoperative day 3, and the symp- Values are presented as number (%). MVD : microvascular decompression, PBC : percutaneous balloon compression There were significant differences in herpes simplex, facial numbness and hypoesthesia (p<0.05). In addition to, in PBC procedure 36 patients (85.7%) patients achieved the pear shape, three patients (7.1%) patients achieved the cylindrical shape, and three patients (7.1%) patients achieved the oval shape (p<0.01).
The symptoms recurred respectively in 15 patients (22.1%) and 19 patients (45.2%) after redo MVD and PBC within the entire 6-year follow-up period. The recurrence rate after PBC was higher than that after redo MVD. The Kaplan-Meier evaluation curve is shown in Fig. 1 . The differences were statistically significant (log-rank test, p=0.02).
DISCUSSION
Since Jannetta introduced the microsurgical approach and popularized MVD, MVD has been a major neurosurgical procedure offered to patients with TN when other less invasive treatment options are either no longer helpful or contraindicated, especially when a positive vascular loop abuts on the root entry zone of the trigeminal nerve during pre-operative MRI-TOF brain scan. However, the cure rate is not achieved and maintained in 100%. The rate of recurrence was 17.1% for a mean follow-up period of 5.4 years 18) , and 25% recurrence 26) was showed according to Tyler-Kabara's long-term follow-up results of 1185 patients at 5 years 26) , while Barker et al. 3) reported 30% recurrence at 6.2 years in a large MVD series. The variation in surgical procedure between different institutes, the follow-up period, and the definition of recurrence may lead to differences in recurrent rates. Many researchers have studied the causes of recurrence. Chen et al. 5) reported 50% operative findings were Teflon granuloma, 30% operative findings were new arterial loop, 10% operative findings were venous compression and 10% operative findings were negative re-exploration. Ugwuanyi and Kitchen 27) reported arachnoid adhesions were found in most cases (83.3%) but usually associated with new vascular loop, neo-arachnoid cyst and sometimes unnamed veins. Jannetta and Bissonette 12) re-explored 51 cases of recurrent TN after MVD, and 42 cases (82%) were vascular loops. Kureshi and Wilkins 14) found only 30% of cases were a new neurovascular compression and most of these were scarred implants, re-exploring 23 cases of recurrent TN after their prior MVD. The procedure for the first MVD should significantly influence the causes of recurrence. For the recurrent TN patients after MVD, they were examined by preoperative MRI-TOF brain scan in this study. As one of selection criteria, although its specificity and sensitivity was not 100%, it was applied to the clinic widely due to the high cure rate after MVD when a positive vascular loop abuts on the root entry zone of the trigeminal nerve. Some clinicians chose redo MVD. In the report of Yang et al. 29) , the pain of 14 cases (93.3%) was completely relieved and only one case (6.7%) was partially relieved with a mean followup of 3.2 years, and no patient experienced recurrence. In their mean 55.4 months follow-up of 12 patients, Gu and Zhao 9) reported eight patients (66.7%) had a BNI score of I, two patients (16.7%) had a BNI score of II, and two patients (16.7%) had a BNI score of III, of which one patient suffered from transient psychiatric symptoms and one patient developed permanent annoying dysesthesia. Lee et al. 15) reported the results of second MVD, 81.3% of the cases were improved, but only eight patients (25%) experienced complete pain relief. However, some clinicians 6) chose PBC in consideration of the high risk of morbidity after redo MVD or a case in which a young patient expects mild or moderate numbness after a percutaneous operation. Du et al. 8) reported 43 (82.7%) patients remained pain-free, four patients (7.7%) had mild recurrence, and three patients (5.8%) had severe recurrence, with a mean follow-up time of 37.6 months after surgery. Park et al. 21) reported the immediate pain relief rate was 92%, and the recurrence rate was 16% with a mean followup period of 3.5 years. As an effective measure after MVD, PBC is also the main way to treat TN recurrence, which is widely accepted by patients due to low risky, small trauma, short operation and low cost.
As two effective treatment for the patients whose first MVD was failed, they are popular in the world and also commonly used in our center, which treated thousands of TN recurrence. Nevertheless, which treatment method is better? A large number of related literatures usually contain the varying, often conflicting, conclusions and remarkably few randomized controlled trials, which represent the best form of evidence. Patients who are increasingly well informed wish to take part in the decision-making process and regard which treatment is more appropriate 16) . As a convenient and reliable research method, prospective cohort study avoids subjective bias from the known prognostic, compared with the retrospective study. Moreover, unlike randomized controlled trials, it does not need enough extreme eligible samples and does not have the problem of lager expenditure and ethics and morals.
A prospective trial is performed in this study. The two groups were similar with regard to sex, age, lesion side, pain location, and symptom-free interval. Sixty-five patients (95.6%) undergoing repeat MVD achieved immediate relief of pain, and it was higher compared with the patients undergoing PBC (81%). And this is the main reason that the patients are more inclined to undergo repeat MVD when TN recurrence occurs. In the redo MVD group, 91.2% of intraoperative findings were the thick and adhesional arachnoidal membranes and only seven patients (10.3%) were found new vascular compression. Therefore, MVD combined with neurocombing has been applied to these patients. Facial numbness was the most common postoperative complications of PBC, affecting 32 patients (76.2%). This might be related to longer compression time. Skirving and Dan 24) reported facial numbness morbidity was 89% (441 patients), and the compression time was between 2 and 7 minutes. Stomal-Słowińska et al. 25) reported most patients (90%) experienced facial numbness after surgery, and the inflated balloon lasted for 1-1.5 minutes. However, for TN recurrent patients, longer compression time usually is necessary and linked closely with clinical effect. Recently it has also been shown that the pear shape is the most important factor related to obtaining a satisfying result, and most authors have stressed to obtain a pear shape of the inflated balloon, which usually brings the operator some challenge 4) . Though mean length of stay in redo MVD group was longer than in PBC group and the trauma was larger, complications including herpes simplex, facial numbness, and dysesthesia were less and immediate relief rate of pain and clinical effect in one month after operation were better. In addition, the recurrence rate after PBC (45.2%) was higher than that after redo MVD (22.1%), according to the Kaplan-Meier evaluation curve. As for other complication, they were not found in two groups in this study.
CONCLUSION
A prospective comparison of patients with TN recurrence found that redo MVD was a more effective procedure than PBC. Both the cure rate and immediate relief of pain were better, and the incidence of complications was lower after redo MVD. Further study is needed to better understand the relative effectiveness of PBC to glycerol rhizotomy, radiofrequency rhizotomy, and stereotactic radiosurgery for patients with TN recurrence.
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